11 12 Abstract: We present simulations of space weathering effects on ice deposits in 13 regions of permanent shadow on the Moon. These Monte Carlo simulations follow 14 the effects of space weathering processes on the distribution of the volatiles over 15 time. The model output constrains the coherence of volatile deposits with depth, 16 lateral separation, and time. The results suggest that ice sheets become broken and 17 buried with time. As impacts begin to puncture an initially coherent surficial ice 18 sheet, small areas with a deficit of ice compared to surrounding areas are formed 19 first. As time progresses, holes become prevalent and the anomalous regions are 20 local enhancements of ice concentration in a volume. The 3-D distribution is also 21 heterogeneous because the ice is buried to varying depths in different locations.
," . 38 Siegler et aI., 2011). This is an unparalleled, accessible record of volatile flux in the 39 inner solar system.
40
Analysis of the possibility of water and other volatiles existing in PSRs has a 41 long history (e.g., Urey, 1952; Watson et aI., 1961; Arnold, 1979 
86
An ice layer in a cold trap, even if is initially homogeneous, is disrupted by 87 impact gardening. Impacts can act to remove volatiles as well as preserve volatiles.
88 As impacts emplace an ejecta blanket, the layer protects volatiles that had been 89 exposed to the surface from losses to sputtering and sublimation. However, impacts 90 vaporize material, thereby releasing volatiles at the point of impact. As each 91 location on the Moon has undergone a unique impact history, this process 92 introduces heterogeneity into the system. 
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The model starts with an initial configuration of water ice. Here, we use a 105 coherent layer of ice on the surface of a given thickness and concentration. The 182 which we define here as having an average of 1 wt. % ice over a given depth.
183
Dividing the number of points in the shaded area by the total number of runs gives 1/"" • t <II.
"IIlIllIel! lUll' till '''!til hL 184 the probability of finding at least one wet spot through sampling two columns at 185 that lateral separation.
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These probabilities are given in Figure 3 i Llmtl,./ l 230 features initially began as a 10 cm thick layer and if thermal diffusion is negligible. 231 A thicker initial layer would take longer to break apart to the point of lOSing the 232 high-CPR radar signature. However, thicker initial deposits require a large source. 233 The model suggests that ice deposits in the larger cold traps including Cabeus, 234 which lack a high-CPR radar signature, are older than 100 Myr old or started as 235 layers thinner than those detectable by radar. 236 Schultz et al. (2010) concluded that the LCROSS impact excavated a 20-30 m 237 diameter crater. Timing of the observations of water ice is consistent with the water 238 being derived from a depth of 2-3 m. Furthermore, Mitrofanov et al. (2010) state 239 that the impact region is enriched in water by a factor of -2 compared to the 240 surrouriding area. This study defines "enriched" as both columns containing ice 241 amounts greater than the average ice amount found from the set of runs. The 242 likelihood of two columns separated by 10 m being enriched to that degree is 243 negligible until the deposit is 1000 Myr old (see supplemental material). 244 Alternatively, the enrichment could occur with depth. Neutron spectroscopy is not 245 sensitive to ice buried below I-m of regolith. If the ice deposit in Cabeus is buried 246 significantly below the depth to which neutrons are sensitive, this modeling would 247 suggest that the ice deposit is older than 1000 Myr. These findings are more 248 stringent than the constraint implied by the lack of radar CPR enhancement. 
